Abstract. The aim of the present study was to evaluate correlations between preoperative C-reactive protein (CRP) serum concentration and the clinical-pathological parameters of epithelial ovarian cancer (EOC), as well as cancer antigen 125 (CA125) concentration, in patients with EOC. The preoperative serum CRP concentrations of 107 patients with EOC were compared with values of 44 control patients and defined as positive if values were >8 mg/l. Correlations between CRP expression and serum CA125 concentrations, International Federation of Gynecologists and Obstetricians (FIGO) staging, lymph node metastasis, ascites and size of postoperative residual lesions were evaluated for the EOC cases. A total of 69% (74/107) of the EOC cases were CRP-positive, with a mean serum CRP concentration of 14.32 mg/l (versus 2.18 mg/l in the control patients) (P<0.001). A rank correlation analysis showed a positive correlation between serum CRP and CA125 concentrations (P<0.001). The five-year survival rate of the CRP-positive patients with EOC was significant lower than that of the patients that were CRP-negative (33.3 vs. 75.8%, P<0.001). Non-parametric and multivariate analyses showed significant correlations between CRP concentrations and FIGO staging (P=0.001), lymph node metastasis (P=0.001) and ascites (P=0.033). In contrast to previous reports, the mean CRP serum concentration of the CRP-positive patients with EOC also correlated significantly with the CA125 values, and the increases in the CRP serum concentration in the Chinese patients were lower than those described for Caucasian EOC cases. In conclusion, the CRP serum concentration may be a useful clinical marker, solely or in combination with CA125, in patients with EOC.
Introduction
The incidence of ovarian cancer is gradually rising and its mortality rate ranks first among the gynecological malignant tumors; the majority of cases are epithelial ovarian cancer (EOC) derived from the ovarian epithelial tissue (1) . The pathogenesis and development of ovarian cancer have been closely linked to inflammatory processes associated with several cytokines (2, 3) , such as vascular endothelial growth factor (4) interleukin-6 (5) and interleukin-12 (6) . Among the already established prognostic indicators, ovarian tumor stage and postoperative residual tumor mass at primary cytoreductive surgery have been shown to most reliably predict the outcome of patients with ovarian cancer (7) . Clinical decisions regarding adjuvant therapies are largely based on the International Federation of Gynecologists and Obstetricians (FIGO) stage and tumor grade, particularly in the early stages of the disease (8) . With the progress in the surgical techniques, management of the perioperative period and range of combined treatments, the survival rate of patients with ovarian cancer has been increased significantly; however, the high recurrence rate following treatment remains the primary reason for poor prognoses (9) . Reliable indicators for the identification of those patients that are at high risk of recurrence or mortality in the early stages of the disease would be beneficial for the evaluation of the prognosis of patients with ovarian cancer and for the development of specific measures to counteract unfavorable outcomes.
C-reactive protein (CRP) is an acute-phase protein expressed as an acute response to infections and tissue injuries, and increases in its expression are often associated with multiple system and organ diseases (10) . At present, the theory of a causal association between inflammation and the innate immune system regarding cancer is widely accepted. Numerous malignant tumors occur at sites of infection, chronic irritation and inflammation, and 15-20% of human tumors are associated with inflammations (11) . Several studies have shown that patients with cancer have higher circulating CRP levels than healthy controls prior to clinical diagnosis (3-5 years) (12) (13) (14) (15) been reported to be associated with poor prognosis in esophageal, liver, colon, lung and cervical cancer (16) (17) (18) (19) (20) . Among the various gynecological tumor markers, such as α-fetoprotein and human epididymis protein-4 (21), cancer antigen 125 (CA125) is the most specific and sensitive marker for EOC detection (22) , particularly for recurrent tumors (21, 22) . It has been reported that there are considerable ethnic differences regarding the five-year survival rate of patients with EOC; in Asian females, the five-year survival rate was found to be almost double that of Caucasians in a survey performed in the USA between 1992 and 1997 (25) . There are few reports, however, investigating whether the serum CRP concentration of patients with ovarian cancer in China complies with that in European patients and those from the USA; therefore, the aim of the present study was to investigate a correlation between the serum CRP concentrations and clinicopathological parameters of Chinese patients with EOC, using CA125 as a positive control marker. Enrollment criteria. For enrollment in the study, patients had to meet the following criteria: i) Ovarian cancer without surgical contraindication and EOC confirmed by postoperative pathology; and ii) normal white blood cell count and neutrophil ratios, as shown by routine blood examination on admission. Patients were excluded due to infection, trauma, coronary heart disease, hypertension and connective tissue diseases, as these conditions could result in elevated CRP concentrations. The study protocol was approved by the Ethics Committee of Haimen City People's Hospital and the Provincial Hospital Affiliated to Shandong University, and all participants provided their written informed consent to participate in the study.
Materials and methods

Characteristics
Measurement methods.
On the second day after admission, 6 ml morning fasting blood was collected from each patient and the serum of 3 ml was used for CRP quantification via nephelometry rates (High-Sensitivity CRP kit; Beckman Coulter, Miami, FL, USA). With the development of a high-sensitivity assay method, the associations between inflammation and disease risk allow a wide spectrum of CRP levels, particularly in the range of concentrations previously widely considered 'normal', i.e. levels <10 mg/l. Due to the intra-assay variability (1.64-3.34%), CRP serum levels ≤8 mg/l were defined as the normal range in the two hospitals in the present study. The serum of another 3 ml blood was used to determine the content of CA125 via electrochemiluminescence (Roche Diagnostics GmbH, Manneheim, Germany), and the CA125 normal reference value was set to 0-35 U/ml.
Surgery and postoperative adjunctive therapy.
A total of 69 patients received surgery without residual tumor or residual lesions <2 cm; 38 patients received subtotal tumor resections with residual lesions ≥2 cm. Sixty-five cases underwent pelvic and para-aortic lymph node dissection: 21 patients had lymph node metastasis and 44 cases were without metastasis. Intraperitoneal combined with intravenous chemotherapy or simple intravenous chemotherapy was started 7 days after surgery once every 4 weeks, and regular follow-ups were performed for 11-74 months with a mean duration of 28.5 months.
Statistical analysis. SPSS 17.0 statistical software was used for the statistical analyses, and the measurement data are presented as the mean ± standard deviation or median.
Comparisons of measurement data were performed using the Student's t-test, rank sum test or analysis of variance, and count data were compared using the χ 2 test. Single or multiple factors were compared using logistic regression analyses. The correlation of CRP with CA125 was analyzed by a Spearman rank correlation analysis. P<0.05 was considered to indicate a statistically significant difference. Preoperative serum CRP and CA125 concentrations of patients with EOC. In the present study, 62% of the patients (66/107) were positive for CRP (CRP >8 mg/l) in the EOC group, while no positive results were found in the control group. The mean preoperative serum CRP concentration of the patients with EOC was 14.32 mg/l (1.02-163.00 mg/l), which was ~6.6-fold that of the ovarian benign tumor group [2.175 mg/l (1.00-4.59 mg/l)] (P<0.001), as well as ~9.7-fold the serum concentration of the healthy adult females [1.47 mg/l (1.00-3.16 mg/l)] (P<0.001). The serum concentration of CA125 in the EOC group was 475.90 U/l (16.26-5,000 U/l), whereas in the benign ovarian tumor group it was 23.85 U/l (7.74-61.31 U/l) and in the healthy adult females it was 8.77 U/l (1.35-18.33 U/l) (P<0.05). The CA125 serum concentration in the EOC group was ~20-fold that of the benign ovarian tumor group and 54-fold that of the healthy adult females. A rank correlation analysis of preoperative serum CRP and CA125 concentrations in the EOC group revealed that the Spearman correlation coefficient (rs) was 0.603 (P<0.001, two-way), suggesting that CRP was positively correlated with CA125; however, no significant correlation between the CRP and CA125 concentrations existed in the control group (rs=-0.095, P=0.708).
Results
Patients
Correlation of EOC serum CRP concentrations with clinical and pathological parameters.
It was next analyzed whether elevated preoperative serum CRP concentrations correlated with the clinicopathological parameters of the patients with EOC. As shown in Table I , the serum concentrations of CRP correlated with histological grading, FIGO staging, ascites, tumor size and lymph node metastasis, whereas only positive serum CRP did not correlate with histological grading. No significant difference was found in the serum CRP concentrations between different ages and different pathological tumor types.
Logistic regression analyses of single and multiple factors affecting CRP serum concentrations. Based on the results
of single factor analyses, a positive serum CRP value was correlated with FIGO tumor staging, histological grading, presence of ascites and lymph node metastasis (Table II) , while CA125 had no effect on CRP-positive rates. When the factors that correlated with CRP in the single factor analyses as independent variables were used in a multiple factor logistic regression analysis it was found that the FIGO tumor staging, presence of ascites and lymph node metastasis were correlated with CRP-positive rates (Table III) .
Correlation of CRP expression with the five-year survival rate of patients with EOC.
The overall five-year survival rate of patients with serum CRP ≤8 mg/l was 75.8%, compared with a survival rate of 33.3% for patients with CRP concentrations >8 mg/l (P<0.001) (Fig. 1) .
Discussion
McSorley et al (27) found that the serum concentration of CRP in females with ovarian cancer was enhanced, indicating chronic inflammation during the development of Fisher's exact probability method using a two-way ANOVA. b CRP >8 mg/l. CRP, C-reactive protein; ANOVA, analysis of variance; FIGO, International Federation of Gynecologists and Obstetricians. ovarian cancer. Other gynecological inflammatory diseases, such as pelvic inflammation, endometriosis and polycystic ovarian syndrome, may progress into ovarian cancer, which indirectly supports the interaction of inflammation and cancer (28) . Ovulation is basically an inflammatory process, which includes repair cycles of the ovarian cortex wound with concomitant healing. It has been suggested that persistent ovulation is a potential inducer of ovarian cancer; this is supported by the fact that anovulatory factors, including oral contraceptives, pregnancy and lactation, can greatly reduce the risk of ovarian cancer (29) . Cancer induces nonspecific inflammation, leading to the release of a variety of pro-inflammatory mediators and factors (30) . These nonspecific inflammatory reactions produced by tumor tissue necrosis and/or local tissue injury can induce the liver cells to synthesize CRP, which is then released into the serum. Several reports have confirmed that serum CRP levels are elevated in patients with malignant tumors, and the elevation is associated with the malignancy degree, increase in tumor metastasis rate and decrease in postoperative survival rate (16) (17) (18) (19) (20) 31) . In the present study it was demonstrated that preoperative serum CRP concentrations correlated with tumor FIGO staging, lymph node metastasis and ascites formation among the 107 patients with EOC, which is in line with the previous reports (32) (33) (34) . Furthermore, it was found in this study that the average CRP concentration in Chinese patients with EOC was 14.32 mg/l, which was lower than the value reported for Caucasian cases (36 mg/l) (32) , which may reflect ethnical variations; however, the same study (32) also reported that enhanced serum CRP concentrations correlated with an unfavorable prognosis, which has been confirmed by the present finding that CRP-positive patients with EOC had significantly lower five-year survival rates. In the 107 cases Table II . Single factor logistic regression analysis for C-reactive protein expression. Table III . Multiple factor logistic regression analysis for C-reactive protein expression. of EOC in the present study, the mean preoperative serum CA125 concentration was 475.90 U/ml, and the value in the EOC group was significantly higher than that in the benign ovarian tumor group (23.85 U/ml) (P<0.001). Based on a rank correlation analysis of serum CRP and CA125 concentrations, a positive correlation was found (P<0.001), which is also in contrast to previous reports (32, 33) .
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In conclusion, the CRP serum concentrations of patients with EOC were significantly enhanced and correlated with FIGO staging, lymph metastases and the occurrence of ascites, as well as with CA125 serum concentrations. Preoperative CRP serum concentration analyses could be a useful parameter for evaluating the severity of EOC and treatment adjustments, and could be utilized to monitor the treatment success in combination with the measurement of serum CA125 concentration.
